Hypercholesterolaemia is amongst the most common conditions encountered in the medical profession. It remains one of the key modifiable cardiovascular risk factors and there have been recent advances in the risk stratification methods and treatment options available. In this review, we provide a background into hypercholesterolaemia for non-specialists and consider the merits of the different risk assessment tools available. We also provide detailed considerations as to: i) when to start treatment, ii) what targets to aim for and iii) the role of low density lipoprotein cholesterol.
Introduction
Hypercholesterolaemia is one of the major modifiable risk factors for atherosclerotic cardiovascular disease (CVD), a global health problem [1] .
What the non-specialist needs to know about lipids and lipoproteins
Lipids are a heterogeneous group of naturally occurring molecules characterised by their low solubility in water and their high solubility in nonpolar (organic) solvents [2] . The major circulating lipids are cholesterol, triglycerides (triacylglycerols) and phospholipids. Because of their poor aqueous solubility, they are transported as lipoproteins, which are mixed micellar-like particles. The protein components of lipoproteins include apolipoproteins (Apos), which have structural and regulatory roles, such as modifying receptor uptake and the activity of enzymes involved in lipoprotein metabolism [2, 3] . Seventy-five percent of serum cholester-ol is produced by the liver as triglyceride rich particles in the form of very low density lipoprotein (VLDL), and after removal of the triglycerides low density lipoprotein (LDL) is formed, which circulates largely bound to apoB ( Figure 1 ) [2] [3] [4] [5] . LDL is cholesterol-rich, containing cholesterol derived from the liver via VLDL or by transfer from HDL in the circulation [2] . The remaining cholesterol is predominantly in VLDL and high density lipoprotein (HDL) [2] . The rate of VLDL and LDL formation is increased in obesity and with a diet high in saturated fat [2, 6] . LDL delivers cholesterol to most tissues as it is an essential component of cell membranes and a variety of hormones e.g. oestrogen, testosterone and also vitamin D. LDL is removed from the circulation by LDL receptors (LDLR) on outer cell membranes. In adults, the liver is the major organ expressing these receptors and thus the major site of removal of LDL from the circulation. Statins, bile acid sequestrating agents and ezetimibe upregulate LDL receptors [3] . Genetic defects in LDL receptor function are the usual cause of familial hypercholesterolaemia (FH) [7] . HDL acquires excess cholesterol from the tissues and can return it to the liver by transfer to LDL or directly through a class of receptors distinct from the LDL receptors ( Figure 1 ) [2, 3, 8] . This may be an atheroprotective mechanism. However, HDL also acquires cholesterol directly secreted by the liver and whether it is critically involved in reverse cholesterol transport (RCT) is currently undergoing re-evaluation. The role of HDL properties and functionality and the possible influence of this on cardiovascular disease and outcomes are also under scrutiny [9] [10] [11] . A further route for the export of hepatic cholesterol is in bile after conversion to bile salts. Cholesterol enters the intestine in bile and via the diet. Dietary triglycerides (TGs) and phospholipids are almost completely absorbed along with a smaller proportion of intestinal cholesterol. Once absorbed, cholesterol is secreted by enterocytes in triglyceride-rich chylomicrons [2, 3] . As is the case for VLDL, their triglyceride is removed in the circulation, in this case leaving LDL receptor Heparin SO 4 -LRP receptor SRB1 ABCA1 Figure 1 . Lipoprotein metabolism Reabsorption from terminal ileum cholesterol-rich remnants, which are removed by the liver. In the fasting state, plasma triglycerides generally indicate the VLDL triglyceride concentration [2, 3] .
ABCA1 -ATP-binding cassette transporter A1, HDL -high density lipoprotein, LDL -low density lipoprotein, TG -triglycerides, SRB1 -scavenger receptor class B type 1, VLDL -very low density lipoprotein.

Tissues
Definition of abnormal levels of cholesterol, triglycerides and HDL
Conventionally the upper limit for laboratory reference ranges is the 95 th percentile for a healthy population. However, the incidence of clinical and clinically imminent CVD in countries such as the United Kingdom (UK) greatly exceeds 5% of the adult population [12] . Therefore, such a definition is nonsensical in the case of LDL cholesterol (LDL-C). Although there is no threshold cholesterol below which CVD risk ceases to exist, its incidence is sufficiently low in countries such as Japan and rural China, where mean adult levels of serum cholesterol are < 4 mmol/l (155 mg/dl) and of LDL-C < 2 mmol/l (77 mg/dl) to regard them as healthy in this respect [13] [14] [15] . The mean serum cholesterol and LDL cholesterol in the UK are 5.9 mmol/l (228 mg/dl) and 3.7 mmol/l (143 mg/dl) respectively in middle-age [16] . Thus in 80% of adult population, serum cholesterol exceeds 4 mmol/l (155 mg/dl) and the LDL cholesterol 2 mmol/l (77 mg/dl), which are increasingly accepted as the upper limits for healthy levels of serum and LDL cholesterol [16] . In comparison, recent data from the LIPIDOGRAM 2015 cohort study in Poland reported mean cholesterol and LDL-C levels of 5.2 mmol/l (202 mg/dl) and 3.31 mmol/l (128 mg/dl), respectively in consecutive adult patients from primary care [17] . In city dwellers in China, obesity and increasing saturated fat consumption are causing rapid increases in LDL-C and accelerated rates of atherosclerotic CVD (ASCVD) [15] . A similar phenomenon occurs when Japanese migrate to the United States, or Indians to the UK [18, 19] . The evidence from randomised controlled trials (RCT's) of statins unequivocally demonstrates benefit for lowering LDL cholesterol levels to less than 1.8 mmol/l (70 mg/ dl), when absolute CVD risk is high [20, 21] .
The upper limit of normal for triglycerides is generally considered to be 1.7 mmol/l (151 mg/ dl), a level beyond which at which they begin to be associated with a smaller, more atherogenic LDL (small dense LDL -sdLDL) [22] . Much higher levels, generally > 10 mmol/l (886 mg/dl), are associated with acute pancreatitis [2] . The lower limit of normal for HDL-C is 1.0 mmol/l (39 mg/dl) in men and 1.3 mmol/l (50 mg/dl) in women [23] . HDL is decreased and serum TGs are increased in several hyperlipidaemias associated with increased CVD risk, but evidence that drugs which raise HDL or lower triglycerides diminish this risk is unclear [22, 24] . LDL cholesterol lowering with statins is just as effective in decreasing relative CVD risk as in patients without raised triglycerides or low HDL. Therefore, they prevent even more events because of the higher absolute CVD risk when hypertriglyceridaemia and/or low HDL are present [20] [21] [22] [23] [24] . Non-HDL cholesterol includes all known atherogenic lipoproteins. Non-HDL cholesterol has been emphasised as an important therapeutic target by some treatment guidelines [25] [26] [27] . It can accurately be derived from a non-fasting specimen and therefore does not require any special preparation by the patient.
Nutritional and genetic contribution to hyperlipidaemia
The most likely explanation for the variation in serum cholesterol in different populations is due to nutrition and diminished energy expenditure [2] . The consumption of fat, particularly saturated fat, increased dramatically in the West from the end of the 19 th century before which coronary heart disease (CHD) death was still uncommon [2, 28] .
At birth LDL-C levels are similar throughout the world at around 1 mmol/l (39 mg/dl) [29] . During childhood, however, there is a greater rise in LDL-C in countries such as the United Kingdom and United States, and autopsies reveal widespread atheroma even in children in these countries [30] . Genes also play a part, but major monogenic disorders of cholesterol metabolism, such as FH, although important clinically, do not account for the majority of hyperlipidaemia and CVD [31] . In the population as a whole, it has been estimated from twin and other genetic studies that the hereditability of LDL-C is around 40% [32] , suggesting that this is the proportion of person-to-person variability explained by inheritance alone with non-inherited factors (e.g. lifestyle) contributing considerably. Nutrition and different patterns of energy expenditure rather than genes are generally considered sufficient to explain the substantial differences in LDL between different populations, but one exception to this is the increased prevalence of proprotein convertase subtilisin/kexin type 9 (PCSK9) loss of function gene variants associated with lower LDL-C in Americans of African descent [33] .
Screening for hyperlipidaemia
It is generally considered advisable for the whole population to be screened for dyslipidaemia as part of CVD risk assessment from the age of 40 years [26, 34, 35] . Those whose risk is borderline for treatment should be followed up more closely according to individual circumstances. Otherwise they should be reassessed every 5 years. Some hyperlipidaemias, such as FH, should be detected earlier, ideally in childhood [7] . Cascade family screening from known probands with FH should be undertaken through Lipid Clinics (or ambulatory Lipid or Metabolic Disorders Clinics) with the cooperation of family doctors [7] . Patients suspected of having FH (Box 2) or any other severe dyslipidaemia should be referred for specialist assessment [7, 36] . Table I provides a clinically relevant classification of primary dyslipidaemias [2, [36] [37] [38] [39] .
Primary dyslipidaemias
Common (polygenic) hypercholesterolaemia
The commonest cause of hypercholesterolaemia is overproduction of VLDL leading to increased LDL [2] . Polymorphic variants within certain genes may influence lipoprotein production or clearance in the presence of nutritional excess relative to energy expenditure [40, 41] . If the mechanism for conversion of VLDL to LDL is uncompromised, LDL-C alone will be raised, particularly so with gene variants associated with diminished LDL catabolism. VLDL (triglycerides) will also be increased if gene variants impede the conversion of VLDL to LDL [2] . The CVD risk associated with LDL-C is increased when TGs are also raised. If relatives of a patient with a combined increase in LDL cholesterol and triglycerides are screened, some will have principally hypertriglyceridaemia, some raised LDL alone, others a combined increase whilst some will have relatively normal lipids, depending on the particular combination of polygenic characteristics each has inherited. This is termed familial combined hyperlipidaemia (FCH) [2, 34] . Often hypertriglyceridaemia is associated with central obesity, which, by causing insulin-resistance, is responsible for its clustering with other risk factors such as low levels of HDL, raised blood pressure (BP) and dysglycaemia manifest by either overt type 2 diabetes (T2DM) or prediabetes [23] . CVD risk is increased in this prodromal period, often years before diabetes develops [42] . Metabolic syndrome (MetS) is often defined as the coexistence of three or more of the following: waist circumference > 102 cm in men or > 88 cm in women, fasting triglycerides ≥ 1.7 mmol/l (150 mg/dl), HDL cholesterol < 1.0 mmol/l (39 mg/dl) in men and 1.3 mmol/l (50 mg/dl) in women, BP ≥ 130/85 mm Hg and/or fasting glucose ≥ 5.6 mmol/l (101 mg/dl) or use of medication for hyperglycaemia [43] . The concept of metabolic syndrome recognises the clustering of CVD risk factors [43] . The hyperlipidaemia associated with T2DM was formerly described as secondary, but it is now obvious that type 2 diabetes should be viewed as part of a dyslipidaemic syndrome. There is clearly overlap between FCH, metabolic syndrome and T2DM [44] [45] [46] . 
Monogenic disorders causing raised cholesterol
For famililal hypercholesterolaemia see Boxes 1-3, familial dysbetalipoproteinaemia -Box 4, and for severe hypertriglicerydaemia -Box 5. Box 1. Familial hypercholesterolaemia (also called autosomal dominant hypercholesterolaemia) [2, 4, 26, 37, 41, 54] Heterozygous familial hypercholesterolaemia (HeFH):
• HeFH is the most common monogenic cause of raised serum cholesterol, affecting about 1 in 250 to 1 in 500 people. It is dominantly inherited.
• Affected family members have LDL cholesterol levels typically double those of unaffected first degree relatives.
Serum cholesterol is thus commonly 9-12 mmol/l (348-464 mg/dl) in affected adults. It is higher from birth and HeFH can be diagnosed in childhood.
• Untreated it results in tendon xanthomata typically in the Achilles tendons (Achilles tendon pain may be first manifestation) [19] and extensor tendons on the dorsum of the hands. Subperiosteal xanthoma are also sometimes present on the tibial tuberosities.
• CVD occurs with increasing frequency from the third decade so that without medical intervention over half of affected men and 15% of affected women die before the age of 60 years.
• The clinical syndrome of HeFH results from defective LDL catabolism. Most cases are due to mutation of the LDL receptor.
• A smaller proportion are due to mutations of the apoB100 gene (familial defective apolipoprotein B), which interferes with its binding to the LDL receptor. The most common of these is apoB3500, but it is only a minority of heterozygotes with this who express hypercholesterolemia of such severity as to cause HeFH. On the other hand, gain-of-function mutations of proprotein convertase subtilisin kexin 9 (PCSK9), an uncommon cause of HeFH, often cause an unusually severe phenotype. PCSK9 is involved in the degradation of hepatic LDL receptors.
• HeFH does not require obesity for its expression and affected individuals often do not conform to the typical CVD-prone clinical phenotype, appearing deceptively lean and physically fit.
• There has been a dramatic reduction in premature mortality coincident with the introduction of statin therapy.
• Cascade family screening is indicated.
Homozygous Familial Hypercholesterolemia (HoFH): • HoFH is rare; 1 in 500 000 to 1 in 300 000 (unless there is consanguinity).
• Both LDL receptor genes are mutated. LDL cholesterol is greatly increased.
• Tendon and planar xanthomata develop in young children and CVD may occur even before adolescence.
• Survival into adulthood is generally only possible if treatment with extracorporeal removal of LDL is available.
Autosomal recessive hypercholesterolemia (ARH): -Rare, generally occurs only in people of Sardinian descent. -Due to dysfunction of an adaptor protein (ARH protein) required for receptor-mediated hepatic uptake of LDL.
-Finds little expression in heterozygotes, but in homozygotes is almost as severe as HoFH. Box 4. Familial dysbetalipoproteinaemia (syn. remnant removal disease; type III hyperlipoproteinaemia)
• Severe hypercholesterolaemia associated with marked hypertriglyceridaemia, unmatched by increases in apoB100.
• Chylomicron remnants accumulate in the circulation.
• Tuberoeruptive xanthomata typically on the knees and elbows, but occasionally more widely distributed, and deposits of cholesterol in the palmar skin creases (striate palmar xanthomata).
• The risk of early onset CVD and peripheral arterial disease are greatly increased.
• Affected patients have genetic variants of apoE with diminished receptor binding, the most common of which is APOE2.
• Other factors predisposing to hyperlipidaemia, such as obesity, are often also present and the condition is exceptionally rare in women before the menopause.
Box 5. Severe hypertriglyceridaemia [2, 22, 38] • Severe hypertriglyceridaemia (serum triglyceride ≥ 10mmol/l).
• The capacity of lipoprotein lipase to clear triglyceride from the circulation is exceeded.
• Both chylomicrons and VLDL are dependent on lipoprotein lipase for removal of their triglycerides. Thus both contribute to the hypertriglyceridaemia even in the fasting state.
• Associated with acute pancreatitis, hepatosplenomegaly, lipaemia retinalis, eruptive xanthomata and a milky appearance to serum and plasma.
• It can be monogenic or polygenic.
• Rarely it is due to Familial Lipoprotein Lipase Deficiency (FLLD) (also known as familial chylomicronemia syndrome -FCS) in which mutations of both lipoprotein lipase genes severely impair triglyceride clearance. It may present in childhood.
• More commonly it occurs in adults who have genetic variants diminishing lipoprotein lipase activity less severely than in FLLD, but in combination with factors which increase triglyceride entry into the circulation (high fat diet, obesity, type 2 diabetes, high alcohol consumption) or compromise lipoprotein lipase function (insulin deficiency or resistance, hypothyroidism, β-adrenoceptor blockade).
• Lipodystrophy syndromes (acquired, familial, partial and general) are associated with severe insulin resistance and hypertriglyceridaemia.
Treatment strategies
Dietary treatment
All obese hyperlipidaemic patients benefit from weight loss, which must involve restriction of excess energy intake [47, 48] . Generally fat contributes most to calorific excess, but food and drink rich in carbohydrate, especially refined carbohydrate, can be a major source of excess energy intake in overweight children who undertake very limited physical activity [49] . In lean patients with hyperlipidaemia, dietary saturated fat and cholesterol should particularly be avoided, because they tend to raise LDL-C. However, a meta-analysis revealed that even under metabolic ward conditions the reduction in LDL that can be expected from an isocaloric decrease in dietary saturated fat and cholesterol is small [50] . Whilst this consideration has prompted some to denigrate the value of diet [51] , a number of dietary trials, particularly when monounsaturates are substituted, have shown substantially decreased CVD incidence [52] . In patients with severe hypertriglyceridaemia, all fat should be restricted to limit chylomicron formation, which contributes substantially to the hyperlipidaemia [2, 38] . Advice to curb excessive alcohol intake should also be given [2, 22, 38] . Long chain omega-3 fatty acids have no effect on LDL-C levels, but in pharmacological doses purified preparations lower triglycerides even in patients receiving statins [53] .
Drug treatment
The decision to go beyond dietary advice and introduce lipid-lowering medication is based on an assessment of risk so that treatment is deployed in those who will benefit the most [26, 54] . Because the evidence from RCT's of the benefit of statins [20, 21, 55, 56] is indisputable, one may think that the indications for statins should be relatively simple to execute. Deficiencies, however, persist in our knowledge of how to achieve the greatest population impact with statins, mostly around how to estimate CVD risk, issues of cost-effectiveness and misinterpretation of the clinical trial evidence. Resort is often made by the composers of guidelines to the use of 'clinical judgement'. But how is the clinician to employ such judgement without an accurate knowledge of the relevant areas of agreement and controversy? Numerous national and international guidelines for the management of dyslipidaemia are listed on the International Atherosclerosis Society Website [www.athero. org/guidel2.asp]. We shall focus on those from the USA [25, 57] , Europe [54] and Britain [7, 26, 35, 58] , because most of other guidelines are derived from these. People in whom CVD risk assessment using lipids and other risk factors should be undertaken
People whose clinical diagnosis provides an indication for lipid-lowering medication
There is general agreement that in people without established CVD (in the UK these include type 2 diabetes) an assessment of CVD risk should be made using a multivariate mathematical model, which incorporates other risk factors. There are several such models, which differ according to the risk factors they incorporate and they have been variously translated to facilitate their use in clinical practice. In the USA a points system based on the Framingham Heart Study (FHS) is employed to give the 10-year likelihood of CHD (fatal and non-fatal myocardial infarction) as rate per 100 (%) over 10 years [57] . The USA guidance relies less on risk estimation and more on the LDL cholesterol level than do British and European recommendations. In the UK, NICE [26] has left practitioners to choose from: [26] . QRISK2 has now been updated to QRISK3, which in addition to the original risk factors, incorporates additional conditions including erectile dysfunction, severe mental illness, use of atypical antipsychotics, use of corticosteroids, systemic lupus erythematosus, migraine, chronic kidney disease (starting at stage 3) and blood pressure variability (https://www.qrisk. org/three). Despite QRISK3 having been recently validated [61] , the latest NICE guidance still advocates for the use of QRISK2 hence this will be the version assessed in this review. In Europe, the Systematic Coronary Risk Estimation (SCORE) [54] charts are recommended. Despite their name, these estimate the 10-year risk of fatal CVD (CHD, stroke or other occlusive arterial disease) as rate per 100 (%) over 10 years. The 2013 American College of Cardiology/American Heart Association (ACC/AHA) Task Force developed risk equations for non-Hispanic African-American and White men and women aged 40 to 79. The 10-year risk estimation was based on non-fatal myocardial infarction, CHD death, fatal and non-fatal stroke [62] . It should be noted that different outcomes for risk calculation are in use in the USA, UK and Europe, which means that the risk calculation methods can only be used with the guideline for which they were designed [63] . Even then the population impact of statins will vary according to which guidelines are adopted [64] .
LDL cholesterol threshold for initiation of lipid-lowering medication when CVD risk is high
There is general agreement in Europe and the USA that the threshold for initiating statin treatment (for very high risk patients) should be LDL-C of > 1.8 mmol/l (> 70 mg/dl) and the target of treatment should be LDL cholesterol < 1.8 mmol/l (< 70 mg/dl) [54, 57] . However, recently, based on the data from the FOURIER (Further Cardiovascular Outcomes Research with PCSK9 Inhibition in Subjects with Elevated Risk) trial there has been a suggestion to lower this target to less than 1.3 mmol/l (50 mg/dl) or even lower [65] [66] [67] . In the UK, JBS3 [35] recommended a target of non-HDL cholesterol level of < 2.5 mmol/l (97 mg/dl) (broadly equivalent to LDL-C of < 1.8 mmol/l (70 mg/dl)) while NICE advocates a 40% reduction in non-HDL cholesterol [26] . LDL-C is measured directly in some laboratories, but more often is calculated using the Friedewald formula (Box 6). This formula, which requires fasting triglycerides to be measured, cannot be used when fasting triglycerides exceed 4.5 mmol/l. There have been attempts to improve LDL-C estimation without the limitations associated with the Friedewald formula [68] . Apolipoprotein B (apoB), the major protein component of VLDL and LDL and the ligand which allows arterial wall macrophage uptake of LDL, is unaffected by fasting or hypertriglyceridaemia. Furthermore, there is evidence that statin trial outcomes are more closely related to apoB rather than to LDL-C [69] . In North America [70, 71] an apoB target of 80 mg/dl has been proposed to replace LDL cholesterol, however the costs of this measurements remain an issue in comparison to LDL-C evaluation. An alternative is to use non-HDL cholesterol as a target. This performs almost as well as apoB, is also unaffected by fasting or hypertriglyceridaemia and does not require any additional laboratory methodology, since it is calculated simply by subtracting HDL-C from non-fasting or fasting serum total cholesterol and indeed non-HDL cholesterol is currently the therapeutic target for both JBS3 and NICE (Box 6). Non-HDL cholesterol thresholds are set 0.8 mmol/l (30 mg/dl) higher than those of LDL cholesterol. Thus, an LDL cholesterol of 1.8 mmol/l (70 mg/dl) is equivalent to a non-HDL cholesterol of 2.6 mmol/l (100 mg/dl) [34, 72] . Is there an LDL-C level beyond which CVD risk reduction ceases?
The European Society of Cardiology (ESC) and United States National Lipid Association guidelines propose aiming for an LDL-C of 1.8 mmol/l (70 mg/dl) [25, 73] . Findings from meta-analyses suggest that the relationship between LDL-C and CVD is likely to be curvilinear leading to the as-sumption that with lower LDL-C levels there should be a further reduction in CVD events [21, [74] [75] [76] .
Interestingly, a meta-analysis of 8 randomised statin trials by Boekholdt et al. demonstrated that when 3 groups were considered according to LDL-C levels, the adjusted hazard ratios were 0.56 (LDL-C achieved 1.9 to < 2.6 mmol/l (73 to < 101 mg/dl)), 0.51 (LDL-C achieved 1.3 to < 1.9 mmol/l (50 to < 73 mg/dl)) and 0.44 (LDL-C achieved < 1.3 mmol/l (< 50 mg/dl)) when compared to those individuals who had LDL-C levels > 4.5 mmol/l (174 mg/dl) [77] . Furthermore, findings from randomised statin trials also show that CVD incidence was reduced in those with the lowest LDL-C [78] [79] [80] . This finding is corroborated in non-statin trials with ezetimibe in the IMPROVE-IT (The Improved Reduction of Outcomes: Vytorin Efficacy International Trial) trial when additional LDL-C lowering resulted in a statistically significant reduction in CVD events [81] . Of note, pooled data from 10 trials of the proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitor alirocumab support the notion that the relation between LDL-C reduction and CVD risk decline is a continuum even when LDL-C levels below 1.3 mmol/l (50 mg/dl) are achieved (33% of participants) [82] . The risk reduction for every 1 mmol/l absolute reduction in LDL-C was 24% which is consistent with previous meta-analyses [21, 74, 82, 83] . Similarly, with the other available PCSK9 inhibitor, evolocumab, both the FOURIER and GLAGOV (Global Assessment of Plaque Regression with a PCSK9 Antibody as Measured by Intravascular Ultrasound) trials showed that there was no attenuation of CVD benefit with intense LDL-C lowering even as low as 0.52 mmol/l (20 mg/dl) [67, 84] . Furthermore, the recently reported REVEAL (Randomized Evaluation of the Effects of Anacetrapib through Lipid Modification) trial using Anacetrapib (a Cholesterol Ester Transfer Protein (CETP) inhibitor) adds further evidence to the concept that aiming to achieve greater reductions in LDL-C (1.8 mmol/l or 70 mg/dl) may confer even greater CVD protection [85] . Higher risk patients benefit more from intensive LDL-C reduction to very low levels [86] . Figure 2 shows that the consistency of the previously established evidence (from meta-analyses) of a CV risk reduction of about one-fifth for every 1 mmol/l (38 mg/dl) reduction in LDL-C remains even when baseline LDL-C levels are low [21, 74] .
Safety of low LDL-C levels
The apprehension with aiming for such low LDL-C levels is the potential for adverse effects to occur. Patients with familial hypobetalipoproteinaemia (who have genetically determined very low LDL-C since birth) levels have been shown to have a tendency towards hepatic steatosis whilst those with abetalipoproteinaemia (another genetic condition manifest by very low LDL-C) have difficulty in transporting vitamins A and E [76, 87] . In contrast, patients with a rare loss-of-function PCSK9 mutation and very low LDL-C display no ill-effects and indeed have relative protection against CVD [76, 87] .
Specific concerns about the safety of intensive LDL-C reduction arose from a post-hoc analysis of the JUPITER (Justification for the Use of Statins in Primary Prevention: An Intervention Trial Evaluating Rosuvastatin) trial in which subjects whose LDL-C was below 0.78 mmol/l (30 mg/dl) with Rosuvastatin therapy were more commonly found to have type 2 diabetes (HR = 1.56; p = 0.01) and haematuria (HR = 2.10; p < 0.001) as well as insomnia, hepatobiliary and psychiatric disorders [88] . Additionally, concern was raised about the possibility of neurocognitive deficit from the OSLER (Open-Label Study of Long-Term Evaluation against LDL Cholesterol) trials of evolocumab albeit apparently independent of LDL-C. Figure 2 . Association between cardiovascular risk reduction and absolute reduction in low density lipoprotein cholesterol in major randomised control trials [67, 75, 81, 82, 85] . Adapted from Soran et al. [75] (where full list of additional individual trial references can be found). There is a consistent reduction in cardiovascular risk of about one-fifth for every 1 mmol/l (38 mg/dl) reduction in LDL-C
CVD -cardiovascular disease, LDL-C -low density lipoprotein cholesterol. OSLER -Open Label Study of Long Term Evaluation Against LDL-C, GREACE -Greek Atorvastatin and Coronary Heart Disease Evaluation, ODYSSEY -Efficacy and Safety of Alirocumab in Reducing Lipids and Cardiovascular Events, FOURIER -Further Cardiovascular Outcomes Research with PCSK9 Inhibition in Subjects with Elevated Risk, TNT -Treating to New Targets, SHARP -Study of Heart and Renal Protection, PROVE-IT -Pravastatin or Atorvastatin Evaluation and Infection Therapy, IDEAL -Incremental Decrease in End Points Through Aggressive Lipid Lowering, A-ZAggrasat-Zocar Phase, REVEAL -Randomized Evaluation of the Effects of Anacetrapib through Lipid Modification, IMPROVE -Improved Reduction of Outcomes: Vytorin Efficacy International Trial, SEARCH -Study of Effectiveness of Additional Reductions in Cholesterol and Homocysteine.
However, reassuringly, the EBBINGHAUS (Evaluating PCSK9 Binding Antibody Influence on Cognitive Health in High Cardiovascular Risk Subjects) study which specifically assessed neuro-cognition in 1974 patients from the FOURIER cohort using the Cambridge Neuropsychological Test Automated Battery (CANTAB) tool did not find that LDL-C levels lower than 0.65 mmol/l (25mg/dl) were associated with neurocognitive impairment [89] . Importantly, in the IMPROVE-IT trial there was no increase in adverse events in those receiving intensive treatment compared to the control group [81] . Robinson et al. have published a pooled analysis of all phase 2 and 3 trials of alirocumab which included 14 trials (n = 3440 with up to 2 years of follow-up) with a specific focus on patients who achieved very low LDL-C levels of < 0.65 mmol/l (25 mg/dl, n = 839) as well as those participants with on-treatment LDL-C < 0.39 mmol/l (15 mg/dl, n = 314) [90] . Although the studies were limited by a short treatment duration (median duration was 78 weeks), reassuringly, there were no significant increases in the incidence of diabetes, musculoskeletal complaints or neurocognitive events when LDL-C levels fell below 0.65 mmol/l [90] . There was, however, a statistically significant increase in cataract formation (HR = 3.40; 95% confidence interval (CI): 1.58-7.35) in those who achieved an LDL-C of < 0.65 mmol/l (25 mg/dl) compared to those with an achieved LDL-C > 0.65 mmol/l (25 mg/dl) [90] . The mechanisms behind this observation are yet to be fully elucidated [90] . Similarly, in the REVEAL trial a further reduction in LDL-C to a mean of 0.98 mmol/l (38 mg/dl) was not associated with an increase in adverse events [85] . In addition, a Mendelian Randomisation study conducted in a Danish population (n = 111,194) did not find a causal link between developing dementia and having low LDL-C levels (resulting from genetic variants of the PCKS9 and HMCGR genes) [91] . The authors reported a lower risk of Alzheimer's dementia with lower LDL-C levels, but an increase in Parkinson's disease with an adjusted hazard ratio of 1.70 (95% CI: 1.03-2.79) [91] .
There is gathering evidence that lower LDL-C levels than have been traditionally championed may have a significant impact on CVD-related mortality, in particular in high-risk patients and/ or those with the highest pre-treatment LDL-C [75, 76, 92] . As a result, clinical guidelines of LDL-C targets may change which will affect the threshold at which to start lipid modifying treatment when considering that the Number Needed to Treat (NNT) to achieve benefit depends on the absolute reduction in LDL-C [75, 76, 92, 93] .
Which method for CVD risk assessment?
There is general agreement that the threshold of absolute CVD risk at which statin treatment is started should be cost-effective. However, current recommendations for the translation of models of cost effectiveness into practice are not sufficiently robust to be robotically followed.
Does the level of LDL cholesterol matter?
The assumption that the same benefit will accrue at similar levels of risk, regardless of the LDL cholesterol, is mistaken. It stems from a misunderstanding of the findings of the Cholesterol Treatment Trials (CTT) meta-analysis which clearly showed that for each 1 mmol/l (38 mg/dl) decrease in LDL cholesterol achieved with statin treatment there was a linear 22% decrease in relative CVD risk relative to similar controls (usually placebo-treated) [20, 21, 55] . This does not mean that the number of events prevented is the same in all patients with the same absolute risk. That number is dependent not only on the absolute risk, but also the LDL-C level. If the LDL-C is 3 mmol/l (116 mg/dl) then achieving a target of 2 mmol/l (77 mg/ dl) will decrease risk by 22%, but, if it is 5 mmol/l (193 mg/dl), then reaching the goal of 2 mmol/l (77 mg/dl) would be expected to reduce risk by 66%. Thus, treating people at 10% 10-year CVD risk with an LDL-C of 5 mmol/l (193 mg/dl) will actually prevent more events than treating people at 20% risk with an LDL-C of 3mmol/l (116 mg/dl) [93] . Therefore, the pre-treatment LDL-C should play a more important role when clinicians decide when to start treatment for primary prevention rather than basing this decision purely on CVD risk [92] . The US recommendations recognise this by advocating lipid-lowering medication at lower levels of risk in people with higher LDL-C [57] . It also has a bearing on the choice of risk assessment method. There is a limit to the proportion of risk, which can be explained by a predictive model (multiple R 2 ). Most of the explicable risk will be explained by six risk factors: gender, age, smoking, lipids, diabetes and blood pressure. The incorporation of other risk factors, although superficially attractive, because it may allow a little additional risk to be predicted, has the disadvantage that it reduces the proportion of risk attributed to the 6 fundamental risk factors, particularly those which have a degree of inaccuracy, biological variation or uncertainty in their ascertainment, namely smoking, lipids and blood pressure. Ironically these three are the mutable risk factors that we are able to modify therapeutically with anti-smoking strategies, statins and antihypertensive drugs. Thus, identifying a group of people as at high risk who do not smoke or have particularly high blood pressure or LDL cholesterol for intervention may lead to a smaller NNT to prevent a CVD event than treating people at lower risk, but in whom smoking is over-represented or whose blood pressure or LDL cholesterol is more clearly elevated [94] . The only comparison of international guidelines thus far which takes into account both population impact and cost-effectiveness showed that the JBS recommendations based on a modified Framingham equation similar to that originally advocated by NICE were superior to European and North American ones [64] . The official advice to use a method based on QRISK2 therefore requires careful reflection. Furthermore, it has been argued that epidemiology may have under-estimated LDL-C as a risk factor for CVD [95] [96] [97] . This is partly because of regression dilution bias resulting from making only single measurements.
Should socio-economic status be used in individual CVD risk assessment?
Both the QRISK2 and ASSIGN algorithms include postcode as an indicator of social deprivation. This introduces an essentially immutable risk factor and decreases the proportion of risk attributed to smoking, lipids and blood pressure. Furthermore, although it is established that lower socio-economic status is associated with increased CVD incidence [98] , which indicates that some special measures need to be adopted to improve health services in socially deprived communities, there has never been public debate about whether decreasing the likelihood that people in higher socio-economic groupings receive statins will improve the effectiveness of CVD risk reduction in the community as a whole. It is noteworthy in this context that the cost of simvastatin 40 mg and many antihypertensive drugs to the NHS now greatly exceeds the prescription charges paid by the financially able as opposed to poorer people. There thus does not even seem to be an economic argument for making postcodes arbiters of who should receive statin or antihypertensive treatment.
How to adjust CVD risk for adverse family history and ethnic background
It is generally recommended to adjust calculated risk for people with an adverse family history and/or those who originate or have antecedents from the Indian subcontinent [26] . This adjustment is sometimes viewed as recognition that such people have some unknown additional risks factor which is independent of the lipids, smoking, BP and DM, whereas it is just as likely that these known risk factors are more likely to have early clinical consequences if left unchecked. Adjustment for them may therefore be best done after risk based on these other risk factors has been calculated. Indeed, current European guidance promotes more intensive interventions in those with a family history of CVD compared to those without such a history when a person is on the fringe of the treatment threshold [73] . We do not condone the practice of imposing greater restriction in the prescription of statins and antihypertensive agents to people of Afro-Caribbean origin, which is a feature of QRISK2. They may have a lower risk of atherosclerotic CVD, but their risk of stroke is increased [99] .
Over how long a time period should CVD risk be estimated -10 years or life?
People at high lifetime risk may not be treated at a young enough age to avoid preventable premature death and morbidity if a single threshold is used regardless of age. Box 7 illustrates this. This problem could be overcome by having lower absolute risk thresholds for younger people. No recommendations currently do this. The European advice was, however, that in deciding whether to treat young people with adverse reversible risk factors earlier than dictated by their current absolute risk, risk should be calculated as if the patient was already aged 60 years. The problem with this is that abnormalities of lipids and blood pressure tend to get worse with age, and this is not taken into account. The degree of risk relative to people of the same age and gender can be calculated using the Dundee risk equation [100] and this can be helpful in avoiding treating too many younger people, if, for example only those at greater than the 95 th percentile of risk are considered. This approach was incorporated in the cardiovascular risk assessor (CVRA) programme published with JBS2 [101] . JBS3 now offers lifetime risk estimation as an aid to the clinician, but this is likely to include Box 7. Thirty three additional CVD events are prevented by the age of 60 years if statin treatment was initiated in 1000 people aged 40 years when their 10-year CVD risk was 10% as opposed to waiting until they were aged 50 years and had a 20% 10-year risk 5% to < 7.5% 10-y ASCVD risk (moderateintensity statin)
Yes to statin
No to statin not simply projected CVD mortality, but also competing causes of death, which introduces many unresolved anomalies. For example, smoking cessation may reduce the likelihood of someone dying of another smoking-related condition and therefore allow for a greater possibility for death to be eventually caused by CVD despite one of the CVD risk factors being addressed [35] . A recent study has questioned whether there is any advantage in using lifetime risk as an arbiter of who should receive statin treatment [102] . Some have questioned the wisdom of estimating individual risk at all and proposed that everyone beyond a certain age should be offered statin treatment [103] . This would, however, still not overcome the problem of who to treat earlier in life.
The bottom line on CVD risk assessment using multiple risk factors An article of this length does not permit full discussion of the merits or otherwise of the risk engines available, but only to correct certain misapprehensions about existing ones in a rapidly developing field. A method should be used which will have the greatest population impact [104] . This is not solely dependent on accuracy, although it would be better if that was achieved. It is of paramount importance that a method identifies people who stand to gain most from giving up smoking and receiving statin and/or antihypertensive treatment, which is a reason for not using QRISK2. In our view, the best methods for use with British guidelines remain the modified Framingham method in the British National Formulary and the Scottish ASSIGN method (the Scottish postcode is easily omitted from this). An ASSIGN score of 20 is equivalent to a CVD risk of 20% over the next 10 years and, as is the case for a similar risk estimated by the JBS modified Framingham method, is an indication for a statin if the LDL cholesterol is ≥ 2 mmol/l (77 mg/dl). There is, however, no reason in the UK not to adopt the European SCORE method. With SCORE a 5% 10-year risk of fatal CVD is an indication for statin therapy if LDL cholesterol is ≥ 2.5 mmol/l (97 mg/dl) and a 10% 10-year risk of fatal CVD is an indication if LDL cholesterol is ≥ 1.8 mmol/l (70 mg/dl).
A summary of treatment recommendations
These are summarised in Figures 3-5 . The strength of evidence for the clinical management of hypercholesterolaemia is shown in Box 8.
There have been no trials to assess the relative effect of the various guidelines used in conjunction with their recommended risk engines in decreasing CVD incidence [105] , which means that comparison is necessarily speculative. One simulation by Manuel et al. appeared to show that the JBS guidelines were superior [64] , but may not have adequately taken into account the greater reduction in CVD events when higher LDL cholesterol levels are successfully lowered with more potent statins (see earlier discussion). The USA recommendations rely much more on LDL cholesterol than others. The least influenced by LDL cholesterol would be the NICE recommendations, with no LDL therapeutic goal combined with QRISK2 which is relatively insensitive to LDL cholesterol as a component of risk. JBS with risk calculated using the modified Framingham or ASSIGN risk equations or the European guidelines combined with SCORE would seem a practical compromise. 
Secondary hyperlipidaemia
Maintenance of LDL cholesterol at < 2 mmol/l (77 mg/dl) is a target of treatment in both type 1 and 2 diabetes. Both types are also associated with hypertriglyceridaemia (see earlier discussion of type 2 as more properly a primary disorder of lipid metabolism). In type I diabetes insulin treatment tends to restore triglycerides to normal and frequently HDL cholesterol levels are high when glycaemic control is good. In both types of diabetes, nephropathy is associated with increased LDL cholesterol and triglycerides and decreased HDL cholesterol [106] . Hypertriglyceridaemia is also caused by high alcohol consumption, chronic renal insufficiency and parenchymal liver disease. It is also a cause of non-alcoholic steatohepatitis. Gout and hyperuricaemia frequently accompany hypertriglyceridaemia. Hypothyroidism can cause both hypercholesterolaemia and hypertriglyceridaemia. Obstructive liver disease and nephrotic syndrome cause hypercholesterolaemia. When obstructive liver disease coexists with parenchymal disease and when nephrotic syndrome is associated with decreased GFR, mixed hyperlipidaemia often occurs.
Lipid modification therapy
Statins
Statins reduce cholesterol synthesis in the liver by competitively inhibiting 3-hydroxy-methylglutaryl coenzyme A reductase (HMG-CoA reductase) thus depleting hepatic cholesterol (Figure 1 ). This upregulates hepatic LDL receptor expression and increases clearance of LDL from blood. Statins vary in their cholesterol-lowering potency [97, 107, 108] ( Figure 6 ). Statins substantially reduce cardiovascular morbidity and mortality in primary and second- ary prevention [20, 21, 40, 109] . This effect is considered to be mostly secondary to LDL cholesterol reduction [109] [110] [111] . There is increasing evidence to support the wider use of statins [54] . Statins should be viewed as a means of CVD prevention regardless of the source of the excess risk. In general, statins are safe and well tolerated, but 80 mg simvastatin daily is associated with an unacceptably high risk of statin-induced myopathy [112] . Statin associated muscle symptoms (SAMS)/statin intolerance might exist in ~15-20%, but complete statin intolerance associated with the discontinuation of statin therapy occurs in less than 5% [113, 114] . The risk of myositis is lower with lower doses and does not relate to the degree of LDL cholesterol lowering. Generally the excess risk of myopathy compared with placebo in statin RCTs is less than 1 in 10 000 patients treated with statins [115] . Muscle-aching and minor elevations of creatine kinase (CK) are common regardless of statin treatment, but are more frequently ascribed to it in clinical practice than is the case in placebo-controlled trials.
Ezetimibe
Ezetimibe is generally well tolerated, but is a less effective LDL cholesterol-lowering agent than statins (usually 10-15%) [116] . It acts by inhibiting intestinal dietary and biliary cholesterol absorption (Figure 1 ) by binding to the Niemann-Pick C1-like 1 receptor. NICE guidance as well as recent European Society of Cardiology (ESC)/European Atherosclerosis Society (EAS) guidelines suggest using ezetimibe as an adjunct to statin therapy in patients with particularly high LDL-C levels and in high-risk patients who are truly statin intolerant [54, 117] . There has been one RCT demonstrating a decrease in CVD incidence with ezetimibe and that was against a background of simvastatin therapy in chronic renal failure [118] . In addition, using ezetimibe in conjunction with simvastatin was shown to significantly reduce CV events and therefore identified additional benefit with intensive LDL-C lowering using ezetimibe [81, 119] .
Bile acid sequestrating agents
These impede the reabsorption of bile acids from the terminal ileum thereby increasing the hepatic requirement for cholesterol as a precursor for the synthesis of bile acids to replenish the enterohepatic pool (Figure 1 ). The increased hepatic cholesterol requirement is partially met by increased LDL receptor expression thereby lowering circulating LDL. Even at doses insufficient to lower LDL to the extent that can be achieved by statin therapy, they are poorly tolerated, but they can decrease CVD risk [120] . Unfortunately, they are not available in most European countries.
Lipid lowering nutraceuticals
There has been recent interest in a possible role of nutraceuticals and functional foods as an adjunct to lipid lowering therapy, though their efficacy and safety remain poorly understood [121] .
Other lipid-lowering drugs
Fibrate drugs and nicotinic acid were presumed to confer benefit because they lower triglycerides and raise HDL cholesterol. However, recent clinical trial evidence does not support their use to lower CVD risk [122] [123] [124] [125] . Purified omega-3 fatty acids can decrease triglycerides [53] and decreased CVD risk in some studies [126] . It should be remembered that they contribute to chylomicron formation and are readily oxidisable. Unrefined fish oil has not been shown to confer benefit in meta-analyses. PCSK9 inhibitors [127] have recently been licensed in the UK but they are only to be used in patients with extremely high CVD risk as specified by NICE [128, 129] . The CETP inhibitor Anacetrapib may reduce CVD risk as reported in the REVEAL trial [85] .
Surgery, liver transplantation and extracorporeal LDL removal
Ileal bypass, a procedure now rarely considered, effectively reduces LDL-C and lowers CHD mortality by 35% [130] . Liver transplantation has been used in homozygous FH patients to provide the functional hepatic LDL receptors that these patients lack [131] . Bariatric surgery has also been shown to be effective at reducing LDL-C in obese patients. A recent meta-analysis (48 studies, 6077 partic- 
Fluvastatin Pravastatin
Simvastatin Lovastatin Atorvastatin Rosuvastatin ipants) showed a significant reduction in LDL-C by 1-month post-operatively (standardised mean difference -0.92, 95% CI: -1.31 to -0.52) with the effect being maintained in the longer-term [132] . Indeed, in addition to improvements in the lipid profile, bariatric surgery induced weight loss is also associated with significant improvements in systemic inflammation, insulin resistance, mediators of vascular inflammation, vascular function, perivascular adipose tissue inflammation and adipose tissue anticontractile properties [133] [134] [135] . Interestingly, obesity complicated by obstructive sleep apnoea (OSA) is associated with a more pronounced impairment of HDL function, systemic and adipose tissue inflammation [136] . Given the marked improvement seen in OSA itself after bariatric surgery [134, 137, 138] , it may also improve the associated lipoprotein and inflammatory disturbance.
Where available, for patients with homozygous FH and severe HeFH, lipoprotein apheresis may be a preferable treatment option, reducing mean LDL-C by more than 50% and also reducing mortality [139, 140] . However, criteria for lipoprotein apheresis eligibility and the percentage of patients receiving treatment vary widely from country to country and access to this procedure remains limited because of its relatively high cost and low availability. After ODYSSEY ESCAPE results, close to two-thirds of all patients on apheresis might be effectively treated with PCSK9 inhibitors [141] [142] [143] . However, lipoprotein apheresis will still be required for many patients with homozygous FH and the most severe cases of heterozygous FH [142] [143] [144] . Lomitapide is a small molecule inhibitor of microsomal triglyceride transfer protein. It reduces the hepatic assembly of very low-density lipoprotein (VLDL) and intestinal chylomicrons and consequently reduces LDL-C production, an action independent of LDLR activity. Lomitapide is a highcost drug licensed for patients with homozygous FH [144, 145] . It reduces the hepatic assembly of VLDL and intestinal chylomicrons consequently reducing LDL-C production, an action independent of LDLR activity [144, 145] . Mipomersen, a second-generation antisense oligonucleotide, which inhibits hepatic APOB synthesis has a similar effect [146] but is not licensed by the EMA.
Agents in development
Infusion of HDL mimetic peptides is also currently being investigated [147] [148] [149] . Improving the functionality of HDL may be more important than increasing HDL cholesterol [8] . Gene therapy, supplying the normal LDL receptor gene via a plasmid is also a potential future treatment [150] . Additionally, RVX-208, which has been shown to improve the particle profile of HDL to favour one which promotes RCT, has shown encouraging early results in potentially preventing and treating atherosclerosis [151, 152] . In a phase 2 trial, a synthetic small interfering RNA directed against PCSK9 was shown both to reduce PCSK9 and LDL-C levels [153] . Additionally, another novel agent, bempedoic acid, inhibits ATP citrate lyase (ACL), an enzyme involved in fatty acid and cholesterol synthesis, predominantly in the liver and white adipose tissue and has been shown to reduce LDL-C in several phase 2 trials [154] .
